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Introduction
R ecent projections have forecast that by the year 2030 the number of primary total knee arthroplasty procedures will increase to 3.48 million, an increase of 673% compared with 2005, and the number of primary total hip arthroplasties will increase by 174% to 572,000, with the expectant result being that over 4 million primary total joint arthroplasties will be performed in the United Stated annually 1 . Similarly, the number of arthroplasty revision procedures is projected to increase correspondingly. Periprosthetic joint infection is a devastating complication and is one of the leading causes of morbidity following total joint arthroplasty, with a mortality rate ranging between 2.7% and 18% [2] [3] [4] [5] [6] [7] [8] [9] [10] . The average rate of periprosthetic joint infection within two years after primary hip or knee replacement is between 0.25% and 2.0% 3, 7, [11] [12] [13] [14] [15] . Hence, a tremendous psychological and financial burden is placed on the patient and the health-care system, with the cost of treatment of each episode of periprosthetic joint infection estimated to be three to four times the cost of a primary total joint arthroplasty 7, 8, 10 . As the ''at-risk'' population pool is predicted to expand dramatically, so too will the burden of infection as recent epidemiologic studies have suggested that both the incidence and the prevalence of periprosthetic joint infection may be increasing over time in the United States 1, 7, 16 . Kurtz et al., using a Nationwide Inpatient Sample database, showed that, between 1990 and 2004, a nearly twofold increase was observed in the incidence of infection for both hip and knee arthroplasty in the United States 16 . The reason for this increase is multifactorial and includes both host and agent-related factors. Improvement in the medical care of patients, especially those who may be immunocompromised, is prolonging life expectancy. In addition, patients are subject to more invasive monitoring in the perioperative period, a process that may violate the natural barrier of the skin, permitting bacterial invasion 17, 18 . Furthermore, the emergence of antibiotic-resistant strains of bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA), is increasing because of the liberal prescription of wide-spectrum antibiotics by physicians 9, 19, 20 . Several perioperative strategies are currently employed to decrease the incidence of infection, some of which are supported by the literature whereas others remain unproven. These strategies revolve around improving the host response and decreasing the chance of bacterial contamination in the preoperative, intraoperative, and postoperative periods 17, 21 . The present report will discuss the commonly used methods to decrease the rate of periprosthetic joint infection at our institution and will review the available literature to support their use.
Source of Funding
No external funding was used to perform this study.
Risk Factors for Periprosthetic Joint Infection
Total Joint Arthroplasty S everal studies have been performed in an attempt to identify risk factors for the development of periprosthetic joint infection following total joint arthroplasty, with the hopes of identifying high-risk patients preoperatively, concentrating prevention strategies on these patients, and subsequently monitoring them more diligently for the development of periprosthetic joint infection postoperatively 2, 3, 7, 11, [21] [22] [23] [24] . Debate continues over many of these risk factors because of the rarity of periprosthetic joint infection and the lack of robust prospective studies. However, the presence of comorbidities, including rheumatoid arthritis, myocardial infarction, atrial fibrillation, and obesity, along with postoperative superficial surgical site infection, an increased duration of surgery, a longer hospital stay, and treatment with a bilateral procedure, are the most commonly cited risk factors for periprosthetic joint infection following total joint arthroplasty 13 . Berbari et al. conducted a matched casecontrol study in order to determine the risk factors associated with the development of periprosthetic joint infection 3 . Cases of periprosthetic joint infection following total joint arthroplasty were identified from 1969 through 1991. Four hundred and sixty-eight (1.8%) of 26,505 patients developed a periprosthetic joint infection. Controls were randomly selected from a list of patients within the study population who did not develop periprosthetic joint infection and were matched to cases in a 1:1 ratio. Of the identified infections, 19% occurred within ninety days after surgery, 40% occurred between ninety days and two years after surgery, and 41% occurred more than two years after surgery. Using a multivariable logistic regression model to eliminate confounding variables and to identify independent factors, the authors found that the two best predictors of periprosthetic joint infection were the development of a surgical site infection not involving the prosthesis (odds ratio = 35.9) and an elevated National Nosocomial Infections Surveillance (NNIS) System surgical patient risk index (odds ratio = 1.7 if score >1; odds ratio = 3.9 if score >2). The NNIS risk index is a multifactorial score that considers patient-related factors (utilizing the American Society of Anesthesiologists [ASA] preoperative assessment score), surgical wound classification, and duration of surgery and has been shown by others to be a good predictor for infection after total joint arthroplasty 12, 25 . Other identified risk factors are presented in Table I .
Similarly, using multivariate analysis, Pulido et al. reviewed prospectively collected data from 9245 patients who had been managed with total hip and total knee arthroplasty at the Rothman Institute between 2001 to 2006 11 . Periprosthetic joint infection developed in 0.7% of the patients, and the majority (65%) of periprosthetic joint infections were diagnosed within the first year after surgery. The identified risk factors included a higher ASA score (>2), morbid obesity, bilateral procedures, knee arthroplasty, and allogeneic blood transfusion (Table I) .
Total Hip Arthroplasty
Several large observational studies have investigated the prevalence of and risk factors associated with periprosthetic joint infection following total hip arthroplasty 13, [26] [27] [28] [29] [30] . In a systematic review of this literature, Urquhart et al. determined that the incidence of surgical site infection after primary total hip arthroplasty ranged from 0.2% prior to discharge to 1.1% for the period up to five years postoperatively 12 . Longer duration of surgery and illness severity (ASA score, >3) were found to be independent factors for the development of periprosthetic joint infection following total hip arthroplasty (Table II) . Even though longer durations of surgery may represent more complex procedures, the authors advocated developing strategies to reduce surgical time in order to reduce periprosthetic joint infection rates. Ong et al., using the Medicare 5% national sample data set (1997 to 2006), performed Kaplan-Meier survivorship analysis along with Cox regression in order to evaluate patient and hospital characteristics associated with periprosthetic joint infection following primary total hip arthroplasty 13 . Eight hundred and eighty-seven total hip arthroplasty infections were identified in 39,929 total hip arthroplasty patients. The prevalence of infection was 1.63% within two years and 0.59% between two and ten years. The associated risk factors are represented in Table II included revision total knee arthroplasty, male sex, seropositive rheumatoid arthritis, level of implant constraint, and woundhealing complications (Table III) . They also reported that the combination of prophylactic parenteral antibiotic administration and the use of antibiotic-impregnated cement protected against periprosthetic joint infection, especially after revision total knee arthroplasty. In another study, Kurtz et al. studied the risk factors for periprosthetic joint infection following total knee arthroplasty in the Medicare population 15 . Between 1997 and 2006, 1400 total knee arthroplasty infections were identified in 69,663 total knee arthroplasty patients, resulting in a prevalence of 1.55% within two years and of 0.46% between two and ten years. Several patient-related factors, such as male sex and the presence of comorbidities, were identified as risk factors for periprosthetic joint infection (Table III) , whereas no hospital-related factors were found to be associated with a higher rate of periprosthetic joint infection.
Preventive Measures
S everal preventive strategies have been employed in order to decrease the rate of periprosthetic joint infection following total joint arthroplasty. Most of these strategies can be divided into one of the preoperative, intraoperative, or postoperative categories, whereas some measures, such as glucose control in diabetics or prophylactic antibiotics, span all three phases (Table IV) . The preoperative period is divided into the early measures that are usually started right after the initial surgical consultation and the measures performed preoperatively on the day of surgery. Most of the early preoperative measures revolve around optimizing host health, such as improving nutritional status and skin condition, smoking cessation, and methicillin-resistant Staphylococcus aureus decolonization. On the day of surgery, before the procedure, the surgical site is prepared and decontaminated and the patient is started on prophy- Antibiotics before dental, genitourinary, and gastrointestinal procedures *The preoperative period is further divided into an early period (prior to the day of surgery) and the day of surgery, whereas the postoperative period is divided into the immediate period (up to four weeks postoperatively) and a late period. †MRSA = Methicillinresistant Staphylococcus aureus.
38 lactic perioperative antibiotics. Several intraoperative strategies are employed in order to decrease the chance of contamination related to the surgical team and environmental factors. The postoperative strategies include those in the immediate postoperative period, such as the treatment of persistently draining wounds, and those later, such as prophylactic antibiotic administration prior to dental procedures. In the following two sections, the generally accepted measures will be presented, followed by some controversial and unproven methods that remain under debate because of the lack of robust prospective studies. Finally, future methods currently under study to lower infection rates will be presented.
Generally Accepted Measures

Health Optimization
Preoperative optimization of health is of crucial importance to ensure a satisfactory outcome following total joint arthroplasty as an increased Charlson comorbidity index, diabetes, and rheumatoid arthritis are among several factors associated with higher rates of perioperative complications and periprosthetic joint infection following total joint arthroplasty 3, [12] [13] [14] [15] 22, 24, [31] [32] [33] [34] . In a retrospective case-control study, Lai et al. evaluated the individual and cumulative effects of various comorbidities on the risk of developing periprosthetic joint infection after matching for age, sex, and procedure 35 . They showed that diabetes and the total number of medical comorbidities were associated with a higher risk of infection and that medical conditions had a cumulative effect on the risk of developing a periprosthetic joint infection, with each medical condition increasing the risk by 35%.
Prior to total joint arthroplasty, all patients should be assessed and managed by a medical consultant in order to optimize their general health; for example, cardiac function should be optimized in patients with coronary artery disease, glucose and ulcer control should be achieved in diabetic patients, and hemoglobin control should be achieved in anemic patients. Preoperative control of any nidus of infection is also important, especially urine screening for urinary tract infection, which is associated with a higher risk of periprosthetic joint infection 11, 32 . Health optimization and maintenance also should be continued after surgery as longer hospital stays have been identified as an independent risk factor for periprosthetic joint infection after adjusting for previous medical comorbidities and the development of medical complications with use of multivariate analysis 11 . Postoperative medical complications such as the development of atrial fibrillation and myocardial infarction also have been identified as independent risk factors, highlighting the importance of minimizing medical complications in the postoperative period 11 . The postulated mechanism for atrial fibrillation or myocardial infarction to increase the prevalence of periprosthetic joint infection is thought to be the aggressive use of anticoagulation to treat these conditions, which, by itself, also has been identified as an independent risk factor for the development of periprosthetic joint infection 36 
.
Our Approach: All patients are evaluated preoperatively by an internal medicine consultant and/or a cardiologist. Serum testing, urine analysis, and cardiac and respiratory function testing are done. The medical consultant also follows the patient during hospitalization and during the postoperative period.
Optimization of Immune System and Nutritional Status
Several studies have shown the adverse effects of malnutrition on the outcome of total joint arthroplasty [37] [38] [39] [40] . Malnutrition can be diagnosed if the serum transferrin level is <200 mg/dL, the serum albumin is <3.5 g/dL, and the total lymphocyte count is <1500 cells/mm 3 . In a study of patients managed with joint arthroplasty, Lavernia et al. showed that patients with an albumin level of <3.4 g/dL had a greater medical severity of illness, a longer hospital stay, and higher hospitalization costs, whereas patients with a total lymphocyte count of <1200 cells/mm 3 had longer anesthesia and surgical times 40 . Greene et al. showed that patients with malnutrition had a fivefold to sevenfold higher risk of developing major wound complications 37 . Wilson et al. showed an association between obesity and periprosthetic joint infection 32 . Surprisingly, overweight and obese patients may develop paradoxical nutritional deficiency from eating highenergy foods with poor nutrient content, a condition probably not well recognized or treated.
Our Approach: Screening for nutritional deficiency (serum albumin and total lymphocyte count) is performed for selected at-risk patients (some patients undergoing revision surgery, cachectic patients, morbidly obese patients, cancer patients, and patients with a history of wound-healing issues) and, if necessary, patients are seen preoperatively by a nutritionist to assess their nutritional status. If malnutrition is diagnosed, surgery is delayed until the nutritional status is improved. Patients are also routinely given multivitamins and nutritional supplements postoperatively.
Prophylactic Antibiotics
The critical role of parenteral prophylactic antibiotics has been studied, verified, and accepted across most surgical specialties [41] [42] [43] [44] [45] [46] . Cefazolin and cefuroxime are the antibiotics of choice because of their excellent in vivo activity against Staphylococcus and Streptococcus, long half-life, and good tissue penetration. The prophylactic use of the cephalosporins in total joint arthroplasty has been proven 14, 43, 44 , and a recent Cochrane review showed that antibiotic prophylaxis reduced the absolute risk of wound infection by 8% and the relative risk by 81% as compared with no antibiotic prophylaxis, leading to the recommendation of the routine use of prophylactic antibiotics during primary total joint arthroplasty 47 . The recommended dose of cefazolin is based on the patient's body mass, with 1 g for those who weigh <80 kg and 2 g for those who weigh >80 kg. Clindamycin or vancomycin may be used for patients with a confirmed b-lactam allergy. The American Academy of Orthopaedic Surgeons (AAOS) recommends that prophylactic antibiotics be completely infused within one hour before the surgical incision 43 .
The duration of antibiotic administration should not exceed twenty-four hours.
Our Approach: We manage our patients with cefazolin (administered intravenously) for twenty-four hours, with the preoperative dose given at least thirty minutes prior to skin incision. Patients undergoing longer procedures (lasting more than two hours) and those with substantial blood loss (>70% circulating volume) receive a second dose of cefazolin during surgery 41 . Patients with penicillin allergy receive a test dose of cefazolin and, if allergic, they are given vancomycin (1 g, administered intravenously) or clindamycin (600 to 900 mg, administered intravenously). Vancomycin may be used in a select group of patients (Table V) .
Preoperative Skin Preparation
Different technique combinations have been utilized to prepare the skin prior to surgery. These techniques include preoperative showering at home or scrubbing prior to preparation with several readily available solutions, including povidone-iodine, betadine, alcohol, and chlorhexidine-based solutions. In a randomized, prospective clinical trial, Zdeblick et al. provided evidence supporting the use of preoperative hexachlorophene shower and showed that a standard povidone-iodine scrub and paint resulted in an increased bacterial skin count when compared with povidone-iodine painting alone 48 . Georgiade et al. showed that, following a combination of betadine scrubbing and painting, 85% of patients has no detectable bacteria postoperatively 49 . Alcohol has been shown to provide the most rapid and greatest reduction in microbial skin counts while increasing betadine's antiseptic activity when used jointly 50 . Alcohol has also been associated with rebound growth and has no anti-spore activity. DuraPrep (3M, St. Paul, Minnesota) was shown to be as effective as betadine scrub and paint for reducing bacterial counts in two studies involving sixty arthroplasty patients 51, 52 . DuraPrep also has been associated with better drape (Ioban 2; 3M) adhesion, causing less lift-off compared with traditional methods.
Our Approach: Our current protocol includes six steps of skin preparation starting at home. Intraoperatively, we currently use a combination of betadine and alcohol preparation solution or DuraPrep solution (Fig. 1) .
Draping
Strong evidence is available for the use of plastic surgical adhesive tape and paper drapes for surgical site draping [53] [54] [55] [56] . In one study, traditional cloth drapes were shown to permit a tenfold increase in bacterial penetration when wet, whereas plastic adhesive tapes did not permit vertical migration of bacteria 53 . Iodine-impregnated drapes (Ioban; 3M) also have been shown to slow down recolonization when compared with traditional plastic adhesive tape 54 .
Our Approach: We currently use impermeable paper drapes and apply Ioban to cover the surgical site.
Shorter Operative Time
In several systematic reviews, a longer duration of surgery has been found to be an independent risk factor for periprosthetic joint infection following total hip arthroplasty 12, 13, 29, 57 . Similarly, in a review of 6489 total knee arthroplasties during a seven-year period, Peersman et al. found operative time to be a predictor of infection 31 , a finding that was corroborated by Kurtz et al. 15 . However, conflicting results have been presented elsewhere following both total knee and hip arthroplasty 58, 59 . Our Approach: We currently advocate the use of individualized surgical teams and strive to maintain operating room efficiency by promoting a parallel approach in setting up cases.
Addition of Antibiotics to Cement
Parvizi et al., in a meta-analysis of nineteen studies involving 36,033 total hip arthroplasties, showed that the use of antibioticimpregnated cement lowered the infection rate by approximately 50% 60 . This finding has been corroborated by other registry studies in both the total hip arthroplasty and total knee arthroplasty populations 14, 61 . Furthermore, the use of antibioticimpregnated cement has been shown to be cost-effective 62, 63 . On the basis of these findings, strong evidence exists for the routine use of antibiotic-impregnated cement for all primary total hip and total knee arthroplasties. There is no evidence to support the concept of adverse effects on mechanical properties, the development of resistance, or toxicity 62 .
Our Approach: We currently use antibiotic-impregnated cement (e.g., Simplex P with tobramycin; Stryker, Mahwah, New Jersey) during arthroplasty with cement.
Cautious Use of Anticoagulants
In two recent and separate studies, the administration of lowmolecular-weight heparin or oral anticoagulants in compliance with the recommendations of the American College of Chest Physicians (ACCP) resulted in a higher prevalence of hematoma formation, reoperation, and subsequent infection 36, 64 . Our Approach: We use low-dose oral anticoagulant (Coumadin [warfarin]) for the majority of patients undergoing total joint arthroplasty. Furthermore, we stratify the patients on the basis of their risk for bleeding and development of thromboembolic disease according to the recommendations of the AAOS.
Controlling the Operating Room Environment
The primary principle of operating in a sterile environment is not debatable. However, absolute sterility is not achievable in the present-day arthroplasty theater, as shown by high rates of contamination of surgical basins, suction tips, and irrigation solution at the end of total joint arthroplasty procedures [65] [66] [67] [68] . Therefore, surgeons must strive to control the operating room environment in order to decrease the chance of bacterial contamination. This goal is potentially achieved by using laminar flow and body exhaust suits, achieving surgical tray and instrument sterilization (and maintaining it in the operating room), and decreasing operating room traffic. Some methods have yet to be proved efficacious for lowering periprosthetic joint infection, whereas some strong evidence sup- Our current skin-preparation protocol prior to total joint arthroplasty includes six steps. The first step is a chlorhexidine shower at home on the day prior to surgery (A). The second step is a chlorhexidine wash of the limb in the short procedure unit on the morning of surgery (B). Once in the operating room, the involved limb is washed with betadine soap (C) followed by three consecutive skin preparation solutions: betadine (D), alcohol (E), and DuraPrep solution (F).
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ports the use of other time-tested techniques. Dalstrom et al. showed that, in a positive-airflow operating room, surgical tray contamination increased in a time-dependent manner if the trays were left uncovered, whereas contamination did not increase if the trays were opened but then were subsequently covered with surgical towel trays 69 . Ritter et al. had previously shown that bacterial counts increased in an operating room if the doors were left open and that if five or more people were added to the room, the counts increased even further, demonstrating that people are a source of contamination 70, 71 . The degree of contamination caused by personnel traffic remains debatable as Dalstrom et al. did not show a significant increase in surgical tray contamination when such contamination in a room without circulating traffic was compared with that in a room where a door was opened to a nonsterile corridor every ten minutes and a person entered the room walking briskly next to the trays before leaving the room 69 .
Selected Controversial Methods
Laminar Flow
Modern operating rooms have conventional ventilation systems with air filters that remove particles of ‡5 mm. For orthopaedic procedures and other procedures in which implants are utilized, laminar airflow systems are used with high-efficiency particulate air (HEPA) filters that remove particles of ‡0.3 mm
72
. These units can be vertical (ceiling-mounted), horizontal (wall-mounted), or exponential (a combination of vertical and horizontal). The effect of this system on reducing the risk of surgical site infection is a matter of controversy 24, 31, 61, [72] [73] [74] [75] . Brandt et al. evaluated sixty-three surgical departments participating voluntarily in a nosocomial infection surveillance system (during a total of 99,230 operations) to determine whether vertical laminar airflow impacts surgical site infection rates 73 . Surprisingly, according to multivariate analyses controlling for some possible confounders, operating room ventilation with laminar airflow showed no benefit and was even associated with a significantly higher risk for severe surgical site infection after hip arthroplasty.
Our Approach: Our operating rooms are currently equipped with vertical laminar flow.
Body-Exhaust Suits
Whole-body exhaust suits are commonly used during total joint arthroplasty in the United States, and several studies have attempted to evaluate their efficacy in lowering the rate of periprosthetic joint infection. In 1982, a randomized case-control multicenter study involving 8000 patients undergoing total joint arthroplasty demonstrated that the incidence of infection following operations performed in ultraclean-air operating rooms in which whole-body exhaust suits were used was onefourth of that after operations performed in control operating rooms in which such measures were not used 76 . Miner et al. 77 , in a recent study of 8288 total knee arthroplasties, concluded that the use of whole-body exhaust suits was associated with a risk ratio of 0.75 for the development of deep infection, whereas the use of laminar airflow was associated with a risk ratio of 1.75. Despite this evidence, some studies comparing specially designed scrub suits (made of cotton or synthetic materials, with elastic sealing at the openings) and whole-body exhaust suits have demonstrated that both systems reduced the air contamination levels, but the difference among them was not significant 78 
.
Our Approach: We currently use body-exhaust suits.
Double Gloves
Routine use of double gloving during orthopaedic procedures is recommended because it has been shown to reduce the perforation of inner gloves 79 . Al-Maiyah et al. showed that changing gloves at regular intervals is an effective way to decrease the incidence of glove perforation and bacterial contamination during total hip arthroplasty 80 . In a Cochrane review evaluating glove perforation during surgery, Tanner and Parkinson found no direct evidence that additional glove protection worn by the surgical team reduces surgical site infections in patients; however, it is important to note that the authors stated that their study was underpowered to measure a difference 79 . Our Approach: We use double gloves for all orthopaedic procedures at our institution.
Hair Removal
Currently, there are few data to guide the orthopaedic surgeon with regard to the optimal timing of hair removal from the surgical incision site. In other surgical disciplines, it is currently recommended either that hair not be removed or that it be removed immediately before the operation either by clipping or by using noncaustic depilatories 81 . Extrapolating data from other surgical fields does support the notion of removing hair from the incision site immediately prior to surgery.
Our Approach: Hair from the incision site is removed immediately prior to surgery with clippers outside the operating room theater.
Changing Scalpel Blades After Skin Incision
Little evidence exists to support the use of a different surgical blade for deeper dissection than the scalpel blade that was used to make the skin incision [82] [83] [84] . A prospective, randomized study of 586 patients did not show any difference in wound infection rates when the use of the same skin blade to perform the whole procedure was compared with changing blades 85 . Ritter et al. found that the use of laminar airflow resulted in less knife contamination but did not result in less surgical site infection 82 . Our Approach: We currently do change knife blades following skin incision.
Addition of Antibiotic to the Irrigation Solution
In vitro and animal studies conflict with regard to the addition of antibiotic to irrigation solutions. Bacterial removal with irrigation has been shown to be influenced by the characteristics of the given surface, the bacteria, and, finally, the irrigation solution [86] [87] [88] . In a study comparing normal saline solution with solutions containing bacitracin, neomycin, or soap, Anglen et al. showed that soap solution was more effective for removing Staphylococcus from stainless steel when compared with normal saline solution alone 86, 88 . Normal saline solution was also found to be superior when compared with neomycin and bacitracin solutions for removing bacteria from cortical bone, titanium, or stainless steel in both in vitro and in vivo studies. Human data are scarce and often are criticized for being of poor quality and limited to open fracture studies 89, 90 . The lack of good human studies, added to concerns for antibiotic resistance development and the potential tissue toxin, does not support the addition of antibiotic solution to irrigation solution.
Our Approach: We currently add polymyxin B (500,000 U) and bacitracin (50,000 U) to 3 L of the irrigation fluid.
Avoidance of Allogeneic Blood Transfusion
Some evidence has linked postoperative blood transfusions and periprosthetic joint infection, whereas other studies have refuted this association 11, [91] [92] [93] . Pulido et al. showed that patients who received postoperative blood transfusions were 2.1 times more likely to develop periprosthetic joint infection in comparison with those who did not receive a transfusion 11 . The postulated mechanisms proposed to explain this association include the transfusion-mediated modulation of the immune system by allogeneic blood and the ''storage lesion'' of transfused red blood cells, which impairs the microcirculation and oxygen delivery at the sites of surgical wounds 94 . Autotransfusion, whether through preoperative autogenous donation or operative cell salvage, offers a realistic alternative. More importantly, surgeons should aim to minimize blood loss by performing total knee arthroplasty with the use of a tourniquet and by obtaining meticulous hemostasis prior to wound closure at the time of total joint arthroplasty.
Our Approach: We do not routinely recommend autogenous preoperative donation. Postoperatively, all patients are followed with a daily complete blood cell count, and allogeneic transfusion is given when a patient has symptoms (e.g., elevated heart rate, shortness of breath, hypotension) or a hemoglobin level <8 g/dL or when such a transfusion is medically indicated.
Dealing with Persistent Wound Drainage and Prevention of Hematoma Formation
Persistent wound drainage has been identified as a contributing factor to the development of periprosthetic joint infection, with infection rates ranging from 1.3% to 50% 3, 14, 95, 96 . Several studies have suggested that with each day of prolonged wound drainage, there is an increased risk of infection. Jaberi et al. found that patients with wound drainage and malnutrition are at higher risk for the development of periprosthetic joint infection 95 . However, there is little orthopaedic literature supporting the use of continuous antibiotics in the setting of prolonged wound drainage.
Our Approach: We currently use antibiotic prophylaxis for twenty-four hours and do not use drains for primary total hip arthroplasty or total knee arthroplasty. We do not advocate the use of oral antibiotics for persistent wound drainage. Instead, patients with wound drainage beyond one week are managed with surgical irrigation and debridement.
Antibiotic Use Prior to Dental, Gastrointestinal, and Genitourinary Procedures Generally, antibiotic prophylaxis is recommended prior to invasive surgical or dental procedures in patients with a history of total joint arthroplasty, and it is customary to continue the prophylaxis for at least two years after the index procedure. Despite some reports that have shown an association between dental procedures and the subsequent development of periprosthetic joint infection, there is inadequate evidence to support or refute the use of prophylactic antibiotics prior to dental procedures 97, 98 . Performing studies to address this complex issue would be logistically difficult. The AAOS recommends that antibiotic prophylaxis be considered for patients with total joint replacements who undergo dental procedures 99 . However, the AAOS does not place a limit on the duration of prophylaxis. In a recent case-control study, Berbari et al. demonstrated that the use of antibiotic prophylaxis prior to dental procedures did not alter the subsequent risk of periprosthetic joint infection 100 . Our Approach: We prescribe 600 mg of clindamycin (or, alternatively, 2 g of amoxicillin or 800 mg of erythromycin) one hour prior to dental procedures and intravenous gentamicin (80 mg) plus ampicillin (2 g) before gastrointestinal or genitourinary tract procedures. We advise our patients to use this protocol for life.
Future Developments
Implants with Smart Coatings S elf-protective ''smart'' devices are an example of the next generation of orthopaedic implants. If proven to be effective, antibiotics or other biofactors tethered to the surface of implants are likely to modulate the biological activity of the implant and may have a critical role in the prevention or treatment of periprosthetic joint infection. On the basis of preliminary animal studies, it appears that surface-modified implants will have a promising role in the treatment of periprosthetic joint infection in the future 101 .
Decolonization of Methicillin-Resistant
Staphylococcus aureus Carriers Staphylococcus aureus and Staphylococcus epidermidis are responsible for the majority of periprosthetic joint infections 18 . Recent studies have shown that the percentage of periprosthetic joint infections caused by methicillin-resistant Staphylococcus aureus increased from 27% in 1999 to 62% in 2006 18, 102, 103 . This factor, coupled with the lower success rates of treatment for the eradication of periprosthetic joint infection caused by resistant organisms [104] [105] [106] [107] , longer hospital stays 106, 108 , and increased health-care costs 109, 110 , has prompted researchers to look into screening protocols for methicillin-resistant Staphylococcus aureus and the efficacy of preoperative eradication protocols for methicillin-resistant Staphylococcus aureus carriers. The findings of recent studies on screening and eradication programs to identify carriers of methicillin-resistant Staphylococcus aureus have been equivocal. Two studies, by Hacek et al. and Rao et al., showed that a protocol for the preoperative decolonization of carriers (with use of mupirocin for treatment prior to surgery) reduces surgical site infections with Staphylococcus aureus in patients undergoing total joint arthroplasty 111, 112 . Kalmeijer et al, in a randomized, double-blind, placebo-controlled study of patients undergoing elective orthopaedic surgery with the implantation of devices into the hip, knee, or spine, found that nasal mupirocin had no significant effect on the rate of surgical site infection 113 . Larger prospective randomized clinical trials are needed to investigate whether methicillin-resistant Staphylococcus aureus screening and protocols are efficient for lowering periprosthetic joint infection following total joint arthroplasty 114 . Our Approach: Individuals who are at high risk for infection with methicillin-resistant Staphylococcus aureus (institutionalized patients, frequent visitors of hospitals [i.e., dialysis patients, hospital workers], patients with remote or recent history of infection with methicillin-resistant Staphylococcus aureus) are screened prior to elective total joint arthroplasty. If methicillin-resistant Staphylococcus aureus is detected, patients are given one week of nasal mupirocin, and nasal cultures are repeated a week later. Methicillin-resistant Staphylococcus aureus carriers, emergency patients, and other high-risk patients receive vancomycin as the prophylactic agent of choice (Table V) .
Conclusion
M
any of the commonly used practices to lower the risk of periprosthetic joint infection lack strong data to support their use, highlighting the need for larger prospective randomized controlled studies. Some of these unproven or debatable methods, however, will continue to be commonly used until definitive answers are obtained. Institutional and international registry data do, however, present some strong evidence in support of some simple strategies, such as the use of antibiotic prophylaxis, that should be used to minimize risk of periprosthetic joint infection following total joint arthroplasty. n
